We hypothesised that long term epidural anaesthesia suppresses sympathetic overactivity in pre-eclampsia. Two equal groups of severe pre-eclamptic patients were treated either with long-term epidural anaesthesia (epidural group) or bed rest, diet control, and an antihypertensive drug (control group). After 7 days of epidural block, mean arterial blood pressures decreased, platelet count and serum total protein increased in all cases while proteinuria decreased in four cases. All patients treated with a long-term epidural therapy continued their pregnancies for more than 3 weeks after admission. The infants in the epidural group had 1-min Apgar scores above 8, a body weight of 2240 ± 310 g (mean ± s.d.) and
Introduction
Undoubtedly, the best treatment for progressive severe pre-eclampsia is delivery of the foetus and placenta. Preterm onset of pre-eclampsia often leads to severe maternal complications and premature delivery. However, premature delivery may not have the best result in terms of the foetus. Bed rest, diet control and antihypertensive drugs have been used throughout the centuries to manage the pre-eclamptic patients. In spite of these efforts, still there are many pre-eclamptic patients who are not responsive to such treatments.
Vasoconstriction is a major pathophysiologic finding in pre-eclampsia, 1 leading to a decreased uterine and placental blood flow and it also induces hypertension, oligouria and proteinuria. Vasodilatation in lower parts of the body may improve the pre-eclamptic condition. Increased concentration of catecholamines in platelets and plasma reflects hyperactivity of the sympathetic nervous system. [2] [3] [4] [5] [6] [7] Schobel et al 8 reported that postganglionic sympathetic-nerve activity of vascular smooth muscle is increased by means of intraneural microelectrodes in pre-eclamptic women. Supine hypertension (ie, positive rollover test) is observed in some cases of pre-eclampsia. [9] [10] [11] The rapid increase in blood pressure in relation to position could be explained by Correspondence: Naohiro Kanayama, Department of Obstetrics and Gynecology, Hamamatsu University School of Medicine, 3600 Handa-Cho, Hamamatsu city 431-3192, Japan normal neonatal progress. In contrast, the pregnancies of eight patients in the control group were terminated within 2 weeks of admission due to severe pre-eclampsia or foetal distress, the birth weight of the infants was 1590 ± 380 g (mean ± s.d.) and four had neonatal distress. Progressive worsening in the mean arterial pressure, proteinuria, platelet count and serum total protein was found in these patients. Long-term epidural anaesthesia suppresses the sympathetic hyperactivity and thus improves pre-eclamptic condition which may open a new treatment in case of progressive severe preeclampsia.
stimulation of the sympathetic nerve rather than a humoral factor. 12 The aberrant celiac or abdominal sympathetic ganglion stimulation and chronic local cold stimulation in rats produced HELLP syndrome and pre-eclampsia-like phenomena. 13, 14 Recently we reported that eclamptic and pre-eclamptic plasma has an excitotoxic effect on the sympathetic nerve via axoplasmic membrane depolarisation, thus increasing noradrenaline secretion that is blocked by bupivacaine. 15 Lumbar epidural anaesthesia, which blocks the abdominal sympathetic nerve, improves hypertension and biochemical parameters during pre-eclamptic labour. [16] [17] [18] Thus, epidural anaesthesia has been recommended by many authors as the analgesic method of choice in preeclamptic labour. 19, 20 From these findings, we hypothesised that the stimulation of the abdominal sympathetic nerve is responsible for human preeclampsia. Thus we decided to examine the effect of long-term epidural anaesthesia in pre-eclamptic patients.
Patients and methods
We studied 20 severe pre-eclamptic patients admitted to Hamamatsu University School of Medicine, from January 1994, to February 1998. This research was approved by the Research Committee of Hamamatsu University. Proper consents were obtained from the patients or patient's guardians. Partial randomised controlled trial was performed after explaining to the patients about two methods of treatment. The patients were divided according to doctors choice after considering each patients status and consent. Ten patients were given long-term epidural anaesthesia (epidural group), and 10 patients in the control group treated with bed rest, diet control, and antihypertensive drug. The minimum requirement of the patients number was estimated to be at least 10 for each group by the power calculation from our preliminary trial. Severe pre-eclampsia was defined as blood pressure higher than 160/110 mm Hg with proteinuria of more than 300 mg/24 h. Severe pre-eclampsia was also defined according to the following criteria: (1) normal blood pressure at their first visit, prior to 16 weeks of gestation; and (2) absence of pre-existing hypertension, renal, or cardiac diseases. The patients were admitted into the hospital only for pre-eclamptic complication. On the second day of admission, all patients had blood pressure values of 160/110 mm Hg (164/110 to 190/124 mm Hg) or higher in examinations repeated at least twice, and they had proteinuria of more than 0.3 g (0.3-8.8 g) in daily urine samples. The onset of pre-eclampsia in the epidural group was 27.9 ± 2.4 weeks, and that of the control group was 28.2 ± 2.0 weeks. No significant difference in patient characteristics was noted between the epidural and control group (Table 1) . There was also no significant difference of estimated foetal body weight at admission between the two groups examined by ultrasound examination.
On the third day after admission, a lumbar epidural catheter was inserted between L 1 and L 2 in the epidural group. After testing analgesic levels with 0.5% bupivacaine, the catheter was fixed. A subcutaneous tunnel of the catheter was formed to prevent infection. Continuous epidural bupivacaine, 0.25%, 2 ml/h was given until delivery (15-26 days) . No sensory or motor nerve deficiencies were found during this period. The puncture region was sterilised every day; patients were not allowed to shower. The other treatment given to the epidural group was bed rest. Blood pressure, urine volume, proteinuria were examined and a non-stress test (foetal heart-rate monitoring) was performed every day. The blood pressure value was obtained from the mean level of blood pressure in the morning, afternoon, and evening. Proteinuria was measured from 24 h urine. Blood parameters such as platelet count, serum total protein, uric acid, blood urea nitrogen and the resistant index of the umbilical artery by pulse Doppler examination 21 was measured every third day. We determined the method of delivery according to the patient's conditions and requests. Pregnancy was terminated when blood pressure remained uncontrolled or foetal distress occurred (control group) and according to foetal maturity and gestational age (bupivacaine group). Epidural anaesthesia continued until the third day post-partum. The infants were carefully managed in the neonatal care unit. Bed rest and diet control were continued after admission for the control group. Diet control comprises: (1) restricted sodium chloride intake, 6 g/day, and (2) restricted caloric intake, 1900 kcal/day. The same physical and laboratory examinations of the control group was performed as described earlier for the epidural group.
Statistical analysis
Data are presented as mean ± s.d. Statistical analysis was done using Student's t-test. A P value of Ͻ0.05 was considered statistically significant.
Results
On admission there were no significant differences of mean arterial pressure (MAP), proteinuria, platelet count, serum total protein, the resistant index of umbilical artery, or abnormal NST (non-reactive pattern or valuable and late deceleration) between the two groups (Table 1) . Pregnancies were continued for more than 2 weeks after admission with all the patients in the epidural group. Eight pregnancies were continued over 35 weeks gestation. After 2 days of epidural anaesthesia, all patients were well tolerated but one patient developed vertigo several hours after anaesthesia. She was restored to normal the next day by a saline transfusion. No patients experienced tachyphylaxis during anaesthesia. The block did not affect appetite, walking, sleep, urination or defecation. In the control group, pregnancies of eight patients were terminated within 14 days of admission ( Table 2) . The other two patients maintained their pregnancies for 18 days and 24 days respectively.
Mean arterial pressure had returned to normal after epidural anaesthesia (Figure 1 ) in all cases. On day 7 of anaesthesia, MAP decreased 18 ± 10 (mean ± s.d.) mm Hg in all cases. At delivery, the MAP of the epidural group was significantly lower than that of the control groups (Table 2 ). There was no significant difference in the proteinuria at delivery between the two groups ( Table 2 ). The antihypertensive drug used here nifedipine, starting at 40 mg/day, that was then increased every 2 to 3 days as needed to a maximum of 120 mg/day, to keep sys- tolic blood pressure below 140 mm Hg and diastolic blood pressure below 90 mm Hg. In all cases in the epidural group, urine volume before anaesthesia was about 500 ml, but it exceeded 1000 ml after epidural anaesthesia. Oedema on legs and eye lids improved in all cases. On the other hand, urine volume of the control group remained at the 500 ml level in eight cases (data not shown).
In the epidural group platelet counts at delivery were significantly higher than those of the control group ( Table 2 ). The platelet count responded quickly and increased markedly after epidural anaesthesia (Figure 1 ). After anaesthesia, serum total protein improved in nine cases and proteinuria improved in five patients (Figure 1 ). However, platelet count and serum total protein did not increase in the control group (Figure 2) .
The changes in the resistant index of the umbilical artery at delivery was 0.2 ± 0.2 for the epidural group and 0.3 ± 0.2 for the control group (P Ͻ 0.05). The change in blood flow in the umbilical artery of a typical epidural case is shown in Figure 3 . This figure shows that the resistance index decreases with gestational weeks. The decrease in resistance index (0.5) is thought to be significant compared with spontaneous decrease resistance index. Abnormal foetal heart rate monitoring (late deceleration and severe variable deceleration) at delivery was rarely observed in the epidural group, but often observed in six patients in the control group. Seven patients in the control group underwent Cesarean section due to foetal distress ( Table 2) . Intra-uterine growth retardation (IUGR) was found in some infants in both groups. The average birth weight in the infants delivered by the epidural group was more than 2000 g at delivery (Table 2 ). Five patients underwent Cesarean section in the epidural group: one due to foetal distress, two due to prolonged labour and two due to IUGR.
To prevent vasoconstriction during labour and post-partum, all the patients in the epidural group continued epidural anaesthesia for 3 days after delivery. In the cases of Cesarean section, the oper- ation was performed with the same epidural anaesthesia catheter. The concentration of bupivacaine was about 0.5-1.0% during the operation. No complications occurred during the post-partum period. In all patients in the epidural group, blood pressure and proteinuria returned to normal levels within a month after delivery.
All the infants delivered by the epidural group had 1-min Apgar scores above 8 and normal neonatal progress; none have received respiration support. Two neonates showed hypoglycaemia after delivery, but improved with glucose transfusion. Six of the neonates of the epidural group showed intrauterine growth retardation (IUGR) and three infants received transfusions, but they gained weight rapidly with standard care by our staff. All the infants were discharged with their mothers within 1 month after birth. The average infants stay in the epidural group was 19 days. In contrast, infants in the control group required greater intervention. Eight neonates exhibited IUGR, seven received respiration support and eight received a lactate Ringer transfusion. Infants stay in the control group was 35 days. The neonates of the control group remained in the hospital a significantly longer period than did those of the epidural group. Taken together epidural anaesthesia improved the foetal conditions as well as maternal conditions.
Discussion
We have found that long-term epidural anaesthesia is an effective therapy for progressive severe preeclampsia. All the cases in the epidural group were severe and termination seemed to be required. Termination of pregnancy in most of the control cases was unavoidable within 2 weeks after admission. Most obstetricians think termination of pregnancy is the only treatment for the condition, even if premature delivery may be harmful to the foetus. Therefore, it appears that the survival rate of the foetus increases with this treatment. Long-term epidural anaesthesia therapy not only prolongs pregnancy, but also improves pre-eclampsia. On average, we were able to prolong the gestation period of the epidural group up to 36 days. This study implies that the impairment of perfused circulation is seen in preeclampsia. The decrease in perfused circulation is thought to be derived from vasospasm and the blockade of sympathetic nervous system has returned to normal clinical parameters in preeclamptic patients. Thus, this treatment will be a candidate for new treatment in preventing severe pre-eclamptic complications, such as eclampsia, HELLP syndrome, DIC and renal failure.
Increased activity of the sympathoadrenal system has been implicated in the genesis and maintenance of elevated blood pressure and vasoconstriction in various vessels such as the uterine artery has been observed in pre-eclampsia and eclampsia. 22, 23 The sympathetic blockade achieved with epidural anaesthesia has been observed to cause vasodilatation in the lower body. Epidural anaesthesia significantly improves the placental blood flow in toxaemic pregnancies 18 and has been recommended as the method of choice in pre-eclamptic labours. [16] [17] [18] [19] [20] We reported that the stimulation of the sympathetic nerve induced pre-eclampsia-like phenomenon.
13,14
Recently, we demonstrated that plasma from eclamptic and pre-eclamptic women stimulates the NE release in cultured sympathetic neuron and bupivacaine blunted the increase NE level that have been seen in stimulation with eclamptic and preeclamptic plasma. 15 Considering the recent reports and current results, we suggest that vasoconstriction induced by the sympathetic nerve may play a causative role in pre-eclampsia, and to relieve this condition, long-term epidural anaesthesia is very effective.
Activation of platelets and thrombus formation is another important consideration of pre-eclampsia. Epidural anaesthesia may improve malcirculation and endothelial disorder, thus leading to the decrease of thrombus formation. An epidural block may increase the platelet count. Several reports demonstrated that other treatment for thrombocytopenia is ineffective in progressive severe preeclampsia. The resistant index of the umbilical artery decreased markedly, indicating improving foeto-maternal circulation. Vasodilatation of uterine arteries by epidural anaesthesia would restore foeto-maternal malcirculation, resulting in an improved resistant index of the umbilical artery and foetal heart-rate monitoring. The significantly higher birth weight of the epidural group is presumably the effect of epidural anaesthesia on utero-placental circulation.
There were no significant differences in the proteinuria and the serum total protein at delivery between the epidural and control groups. However, we observed that serum total protein in nine patients and proteinuria in five patients were improved after epidural anaesthesia. Vasodilatation of the hepatic and renal vessels and uterine arteries may have been due to epidural anaesthesia as well. Increased hepatic circulation might improve protein synthesis, and increased renal circulation might decrease proteinuria. Infants were free of side effects from bupivacaine. It is known that a 0.25% concentration of bupivacaine blocks autonomic nerve dominantly, and transports a little amount to foetal circulation, because bupivacaine binds to protein more easily than other regional anaesthetics. [24] [25] [26] [27] Thus it is thought that bupivacaine is relatively safe to use with pregnant women. We had no complications of neonates treated by epidural anaesthesia. We experienced no complications such as epidural catheter migration, block failure, infection or tachyphylaxis. However, this is not a proper randomised controlled trial, and the biases of patients intention might not be excluded. Future large-scale welldesigned study will be clearly understood and evaluate these findings.
We conclude that treatment with epidural anasthesia in severe pre-eclampsia is more effective than our conventional treatments. Our results greatly strengthen the concept that long-term epidural anaesthesia is a treatment of choice in cases of progressive severe pre-eclampsia.
